Platelet-rich plasma (PRP) was first used as a component for the transfusion of allogenic blood in open-heart surgery in 1987.
lets contain α-granules, dense granules, and lysosomal granules, of which α-granules include a large quantity of bioactive proteins (growth factors and cytokines) and are known to play important roles in hemostasis and tissue healing. 6, 7) Thus, the fact that PRP contains high concentrations of platelets with a large variety of bioactive proteins suggests that PRP can accelerate the tissue regeneration and healing processes. 8) Growth factors such as vascular endothelial growth factor, epidermal growth factor (EGF), platelet-derived growth factor (PDGF), insulinlike growth factor, and transforming growth factor-beta (TGF-β) are involved in tissue healing, which are included in α-granules of platelets. It has been revealed that PDGF and TGF-β levels increase as platelet levels become higher, which has been the basis for the clinical use of PRP. [9] [10] [11] [12] In such processes, growth factors promote 2-to 3-fold tissue healing through angiogenesis, fibroblast activation, elevation of collagen, and glycosaminoglycan syntheses, as well as cell migration and proliferation. [13] [14] [15] However, little is known about the crucial factors that determine the biological characteristics of PRP. There have been a few studies on the composition of active proteins and expression patterns in PRP itself. [16] [17] [18] Thus, the purpose of this study is to analyze the unknown factors that contribute to tissue healing on the basis of proteomic analysis of proteins in PRP. Since PRP preparation methods and its characteristics are yet to be standardized, its classification and standard also have not been clearly established. Currently, PRP is classified by the kit and the centrifuge used for preparation; level of concentrated components such as platelets and leukocytes; and features of supportive structures for generated products. [19] [20] [21] PRP types practically used can be largely divided into pure or leukocyte poor (LP)-PRP and leukocyte rich (LR)-PRP. 22) Thus, to investigate the types and distributions of expressed proteins, we used ACP (Arthrex, Naples, FL, USA) and GPS III (Biomet Biologics Co., Warsaw, IN, USA), which are the most commonly used commercial products for LP-PRP and LR-PRP preparation, respectively, in clinical practice. 23) In this study, proteins were identified through two-dimensional gel electrophoresis, followed by gene ontology (GO) analysis.
METHODS

Subjects
We collected blood samples from three men who had no underlying disease among the patients who came to our hospital for health checkup. PRP was prepared simultaneously. A total of nine plasma samples (three per person) were obtained (1 session/day) from three men by using the Autologous Conditioned Plasma (ACP) Double Syringe System (Arthrex) for LP-PRP and Gravitational Platelet Separation System (GPS III, Biomet Biologics Co.) for LR-PRP. We conducted this study in compliance with the principles of the Declaration of Helsinki. This study was approved by the Institutional Review Board of Kangnam Sacred Heart Hospital (IRB No. 2012-12-115). All three participants provided informed consent.
PRP Preparation
ACP Double Syringe System Nine milliliters of venous blood was extracted from patients by using a double syringe from the ACP kit and mixed with 1.5 mL of anticoagulant (acid citrate dextrose solution A), which was followed by centrifugation at 380 g for 5 minutes. 24) The outer plunger of the double syringe was slowly pressed while the inner plunger was slowly pulled to separate PRP appropriately. Three to five milliliters of generated ACP was moved to the inner syringe to obtain PRP ( Fig. 1) . During this procedure, care was taken to prevent plasma and erythrocytes from being mixed.
GPS III System
Six milliliters of anticoagulant (acid citrate dextrose solution A) was mixed with 54 mL of venous blood extracted from each patient in each 60-mL syringe in the GPS kit, which was followed by centrifugation at 750 g for 15 minutes. 19) Transparent, yellow, platelet-poor plasma at the top of the container was removed by using a syringe in the kit; the remainder was well mixed by centrifugation for 30 seconds, which resulted in about 6 mL of PRP (Fig. 2) .
Immediately after collection, the obtained PRP was subjected to a complete blood cell count (CBC) test to investigate the cell composition including leukocytes and platelets. A 1-mL sample of each PRP and blood specimen were analyzed by a hematology analyzer (Siemens ADVIA 2120i; Siemens Healthcare Diagnostics, Erlangen, Germany). The platelet concentration, number of red blood cells, and white blood cell differentiation were calculated. Linearity was (10-1,000) × 10 
Protein Identification
Electrophoresis and In-gel Digestion Isolated platelets were lysed and the extracted proteins were size-fractionated by one-dimensional-sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Fifteen micrograms of each protein sample was separated by electrophoresis on a 12% SDS-PAGE gel at 100 V for 1.5 hours (Mini-Protean Bio-Rad, Hercules, CA, USA), stained with Coomassie Blue R-250 (Bio-Rad), and then destained with a destaining solution containing 10% acetic acid and 30% methanol, which was followed by gel imaging. After electrophoresis, the gel was divided into 10 regions by molecular weight, and then fragmented into an 1-mm 2 area. Each fragment was subjected to trypsin digestion at 37°C for 16 hours after cysteine alkylation and reduction of each protein. The digested peptides were eluted by an elution buffer (50 mM ammonium bicarbonate, 50% acetonitrile, and 0.5% trifluoroacetic acid). The collected peptide solution was completely dried by a vacuum dryer (Heto Maxi Dry lyo; Thermo Scientific, Waltham, MA, USA) for 24 hours, which was followed by resuspension in 10 μL of distilled water containing 0.1% formic acid.
Protein identification using liquid chromatography-tandem mass spectrometry LC-MS/MS analysis was performed by an online Nano-LC system and Hybrid Quadrupole-Orbitrap Mass Spectrometry in the Korea Basic Science Institute. Five microliters of peptide samples were resolved by an Ultimate 300 UPLC system (Dionex, Thermo Scientific), which was followed by analysis using the Q-Exactive plus mass spectrometer (Thermo Scientific) equipped with a nanoelectrospray ion source (Dionex, Thermo Scientific). For peptide separation, an Acclaim PepMap RSLC C18 reversed phase (Thermo Scientific) 15 cm × 75 μm column was used in a gradient of 0%-65% ACN at 300 nL/min inflow rate for 2 hours. All MS and MS/MS spectra were acquired in a data-dependent top 10 mode using a Q Exactive plus orbitrap mass spectrometer (Thermo Scientific). was performed under higher-energy collisional dissociation (HCD) conditions of either 60 ms in fixed injection times with fast scanning mode in a resolution of 17,500 or 120 ms in fixed injection times with a sensitive method in a resolution of 35,000. The ionization spray voltage was 1.7 kV and capillary temperature was 280°C along with 25% of HCD collision energy. MS/MS spectra of peptides were subjected to search using MASCOT (Matrix Science, ver. 2.41, https://www.matrixscience.com), in which the protein sequence database of UniprotHuman was used for identification. Mass tolerance and fragmented ions were 10 ppm. Cysteine carbamidomethylation and methionine oxidation were considered as variables of trypsin-digested peptides in MS/MS analysis.
Protein Classification
GO analysis was performed to investigate the functions of all identified proteins and classify them according to the AmioGo2 GO database (https://www.AmiGO.geneontology.org). 25) To classify the proteins in PRP by function, we determined keywords, focusing on the healing process of damaged tissues such as activation of angiogenesis and fibroblasts as well as increased biosynthesis of collagen and glycosaminoglycan. 26) Thus, wound healing, which comprehensively includes tissue healing in the GO of AmiGo2 was selected as the main keyword for protein classification. 25) In AmiGo2, wound healing was defined as a series of events that restores integrity to a damaged tissue after an injury, which included 778 proteins. In addition, angiogenesis involved in wound healing, fibroblast migration, collagen biosynthetic process, glycosaminoglycan biosynthetic process, and glycosaminoglycan binding were selected as keywords that should specifically correspond to the tissue healing process, which was limited only to Homo sapiens. AmiGo2 defined angiogenesis involved in wound healing as blood vessel formation when new vessels emerge from the proliferation of preexisting blood vessels and contribute to the series of events that restore integrity to a damaged tissue after an injury, which included 23 proteins. Fibroblast migration was defined as cell migration that is accomplished by extension and retraction of a fibroblast pseudopodium. A fibroblast is a connective tissue cell, which secretes an extracellular matrix rich in collagen and other macromolecules; it includes 30 proteins. Collagen biosynthetic process was defined as the chemical reactions and pathways resulting in the formation of collagen, any of a group of fibrous proteins of very high tensile strength that form the main component of connective tissue in animals. Collagen is highly enriched in glycine and proline, occurring predominantly as 3-hydroxyproline, which included 47 proteins. Glycosaminoglycan biosynthetic process was defined as the chemical reactions and pathways resulting in the formation of glycosaminoglycan, any of a group of polysaccharides that contain amino sugars, which in- Fig. 3 . Separation into 10 fractions using sodium dodecyl sulfate-polyacrylamide gel electrophoresis. /μL) platelets were isolated from LR-PRP (Table 1) . In other words, platelets were concentrated more than 2-to 3-fold in LP-PRP and 3-to 4-fold in LR-PRP than in whole blood on average. LP-PRP has advantages of being an inexpensive system, which is easy to use, whereas LR-PRP is advantageous to transfer concentrated platelets to patients. For the proteome analysis, a total of nine samples (three samples per each patient) were first separated by electrophoresis, which were divided into 10 fractions. Each sample was subjected to secondary LC-MS/MS analysis in three repetitions (Fig. 3) .
As a result, a total of 1,555 proteins were identified, which included proteins identified at least once either in LP-PRP or in LR-PRP. To increase the consistency of samples, only proteins that were identified at least in two of three samples from each patient and were present in at least two patients were classified, which corresponded to 664 of the 1,555 proteins. In detail, the numbers of proteins that were detected at least twice in the three repetitions were 414, 369, and 407 in LP-PRP and 633, 587, and 750 in LR-PRP. Of them, 379 proteins in LP-PRP and 618 proteins in LR-PRP were identified in at least two samples, and 333 proteins were commonly identified in both PRP samples.
In AmiGo2, 778 proteins corresponded to the keyword, wound healing, and 125 of the 664 identified proteins in the present study were included in this category. Forty-six proteins were analyzed only from LP-PRP, of which eight proteins (FGG, SERPING1, RAP1B, VCL, FLNA, Fbln1, and CLU) were related with wound healing. A total of 285 proteins were analyzed only from LR-PRP, of which 36 proteins (ANXA2, CAPZA1, anxa6, SERPING1, TF, Naca, krt5, MYL12A, WDR1, F9, KNG1, FGG, HSPA5, Gp1bb, Rac2, VCL, C4BPB, FLNA, Arpc4, TUBA4A, Pdia6, CPB2, Aqp1, CFL1, CFD, GNAI2, ITGB3, COL1A2, LAMP2, Gp9, CSRP1, MYL9, RAP1B, CALM1, DMTN, PRTN3) were related to wound healing (Table 2) . Three proteins were included in angiogenesis involved in wound healing, of which one protein (GPX1) and three proteins (GPX1, H3BM21, and ITGB3) were identified in LP-PRP and LR-PRP, respectively (Table 3) . A total of two proteins corresponded to fibroblast migration, of which one protein (THBS1) and two proteins (THBS1 and DMTN) were identified in LP-PRP and LR-PRP, respectively (Table 4) .
A total of four proteins corresponded to collagen biosynthetic process, of which three proteins (F2, PRDX5, and SERPINF2) and four proteins (F2, PRDX5, SERPINF2, and LTBP1) were identified in LP-PRP and LR-PRP, respectively (Table 5) . A total of two proteins corresponded to glycosaminoglycan biosynthetic process, of which one protein (LUM) and two proteins (LUM and CLTC) were identified in LP-PRP and LR-PRP, respectively (Table 6) .
A total of 13 proteins corresponded to glycosaminoglycan binding, of which 12 proteins (APOE, IGHM, APOB, CFH, HRG, PF4, SERPIND1, VTN, THBS1, EL-ANE, LPA, and HABP2) and 13 proteins (APOE, IGHM, APOB, CFH, HRG, PF4, SERPIND1, VTN, THBS1, EL-ANE, LPA, HABP2, and AZU1) were identified in LP-PRP and LR-PRP, respectively (Table 7) .
DISCUSSION
Since the discovery of PRP, many researchers have reported interesting results on PRP mechanism and its potential in various areas.
2) Such research has helped produce results on various proteins and expand the PRP research area. Many preclinical studies and clinical trials also demonstrated promising effects on muscular skeletal diseases. However, most of them lacked basic medical evidence, and each study had different procedures for PRP from preparation to injection, making is difficult to compare results of those reports. Thus, this area should be continuously studied along with standardization of biological analysis dependent on the preparation method, activation method, and addition of leukocytes, as well as comparison of various study results. Despite recent studies on major growth factors in PRP that are related to tissue healing including EGF and PDGF, basic medical studies on their effects still remain to be conducted. 8, 11) In addition, the compositions and expression patterns of active proteins in PRP need to be studied. Rapidly identifying and analyzing proteins, which used to be impossible, have become possible, and it became easy to access GO databases. Thus, mutual growths of various science fields have enabled such studies.
Shotgun proteomics can identify a large number of proteins in a short time with a mass spectrometer. 29, 30) This method makes protein samples fragmented into peptides and separates them by using C18 Reversed Phase Chromatography that is connected to the liquid chromatography instrument, along which the sample is simultaneously analyzed. This method requires the establishment of gene databases from complete genome analyses as well as the development of identification programs enabled to perform real-time large-scale analysis using the mass spectrometer.
The present study separated LP-PRP and LR-PRP of human blood through ACP and GPS III, respectively, from which proteins were extracted and resolved by SDS-PAGE electrophoresis for identification. The SDS-PAGE gel was subdivided into 10 fractions, followed by LC-MS/MS analysis, which resulted in the identification of many proteins within a short period of time. To identify the functions of the identified proteins, GO analysis was performed, in which component proteins in PRP were classified by their functions. This resulted in the identification of 125 proteins related to wound healing when both LP-PRP and LR-PRP proteins are combined, which included three proteins for angiogenesis involved in wound healing, two proteins for fibroblast migration, four proteins for collagen biosynthesis process, two proteins for glycosaminoglycan biosynthesis process, and 13 proteins for glycosaminoglycan binding. So new proteins, as well as growth factors that are well-known to be related to tissue healing, were identified.
However, the present study also has limitations such as the small number of subjects (three patients), differences in composition and level of identified proteins between the subjects, and differences in identified proteins even within the same subject. Moreover, a follow-up study should be performed on the interactions between the identified proteins and on degrees of their efficacy in clinical practice.
The results of the present study that is based on the analysis of vast proteomic data of PRP can be used as fundamental data to scientifically identify those factors (both previously known and currently unknown) that are helpful for tissue healing. That is also our goal for a follow-up study. In addition, the examination of the effects of PRP through such protein classification would be the basis for treatment development in new areas based on fundamental medical evidences. Previous proteomic studies were partially focused on platelets such as platelets without stimulation, activated platelets, secretory materials of platelets, platelet membranes, and platelet-derived microparticles. In contrast, the present study performed proteome analysis on PRP itself without activation by addition of either CaCl 2 or thrombin, which is clinically significant. In addition, the present study is also meaningful because all proteins within the PRP such as α-granules were investigated without being limited to platelets and classified by their functions in detail, followed by the identification of potential functions of PRP, laying a foundation for basic medical research on tissue healing to be further advanced. PRP has a large potential, which, along with other biological and biochemical advancements, is expected to offer opportunities for more treatments in various areas. In the future, proteomic study would be continued and systematic databases should be constructed, based on which the present study would serve as a foundation for the establishment of basic medical evidence for PRP applications.
